Résumé. 2014 Abstract. 2014 Dynamic light scattering as a probe of fluctuations for systems undergoing steady linear shear is examined. Several approximations are made to calculate the intensity correlation function for a dense system of independent particles or fluctuations at low rates of shear. In this limit the intensity correlation function is similar in structure to the equilibrium intensity correlation function ; however, the signal to background factor becomes correlation time dependent. The result is tested experimentally by measuring the intensity correlation function for a dilute solution of Brownian particles undergoing shear. The feasibility of using dynamic light scattering as a probe of fluctuations in sheared systems is discussed.
1. Introduction. -Static and dynamic light scattering have been used to probe the structure and fluctuations of a variety of systems in thermodynamic equilibrium [1] . Recently, however, there has been interest in the structure and fluctuations in nonequilibrium steady states, for example in systems undergoing shear. In particular, static light scattering has been used to probe the effect of simple shear on the spatial structure of fluctuations of binary mixtures near the consolute point [2] and on strongly interacting colloidal particle solutions [3] . The effect of shear on the temporal evolution of fluctuations has been calculated for binary mixtures near the consolute point [4] , for solutions of spheroids [5] , and for the Brillouin spectra from simple fluids [6] . Presumably dynamic light scattering is capable of probing the temporal evolution of such fluctuations. However, we show that effects accompanying shear may make dynamic light scattering measurements of fluctuations in sheared systems impractical or impossible.
The effect of shear on dynamic light scattering has been considered for laser Doppler velocimetry applications [7, 8] . Here We now make several assumptions which limit the theoretical result to a dense system of independent particles at low rates of shear. First, because fluctuations in time are of interest, the experimental apparatus must be designed so that the transit time, it, of a particle or fluctuation through the scattering volume is much longer than the decay time, Td, of particle correlation or fluctuation. Otherwise, the transit time correlation [7] The result given in equations (2.10) and (2.11) is very similar to the equilibrium self-beat correlation function. However, there is a signal to background factor y which depends on r and which reduces to the equilibrium factor wheh the solvent velocity is uniform or zero. It is important to emphasize that this effect on the correlation function is the result of two different processes. One relates primarily to the size of the scattering volume and the other to the size of the photocathode. First, we consider the scattering volume effect. Brownian particles of a given initial separation in the scattering volume will have a given difference in velocity due to the shear field. Light scattered by these particles, when it mixes on the photocathode, will produce a beat frequency due to the difference in particle velocity. For small scattering volumes the particle separation will be small and so the beat frequency will be small. On the other hand, if the scattering volume is large, two particles at opposite ends of this region will have a large separation and a large velocity difference. They will produce a large beat frequency. The total effect will be a sum over the whole scattering volume of beat frequencies produced by the beating of scattered light by particles with the maximum allowed separation or less. Since large scattering volumes have more high frequency components than do the small, these volumes will produce faster decaying time correlation functions in general. Now we consider how the size of the photocathode affects the decay rate. Just as the interferencepattern produced by light passing through a double slit depends on the slit separation [12] , the number of coherence areas on the photocathode is different for particles of different separations. Thus, particles of a given separation will produce a given amplitude photocurrent. Since Figure 3 illustrates the variety of intensity correlation functions which one encounters in this type of experiment. The slow decaying correlation function C is the familiar exponential decay for homodyning or self-beating from a non-sheared suspension. The oscillating correlation function A is typical of heterodyning or using a reference beam. The frequency of oscillation is related to the average velocity in the scattering volume [7] . This property has been used to determine the velocity profile in the shear cell, and this profile is displayed in figure 4 figure 5 . The upper portion of figure 5 shows that the measured half-time is independent of stop and photocathode sizes. This is expected from the calculation in section 3. Figure 6 shows the dependence of the measured half-time on the diameter of the incident laser beam in the scattering volume. This width controlled by moving lens Ll or removing it entirely. It is measured directly by using a micrometer. In figure 6 the _ Some data has been taken in the region where K(r') is perpendicular to the fluid velocity. The correlation function decay rate is seen to approach that when the shear is turned off to within 10 %. However, no distortion in F(k, i) due to shear has yet been observed. Cell redesign is necessary before further measurements in this regime can be made easily.
The precision of the data is indicated by the size of the symbols used in the figures. The precision of the data in figure 4 for the velocity is somewhat better except near the rotating cylinder wall. This wall is out of round by N 5 % of the radius. The precision of the half-time data in figure 5 is better, for small stop and pinhole diameters, where the signal to noise ratio is best. In figure 6 the data is fairly precise but error is introduced by using a micrometer to estimate the beam width. This could introduce a uniform shift of the data left or right. 5 [11] as has been implied in other calculations [7] . Also, if there are interactions between the particles [3] , the probability does not factor into dependent parts and the simple results given here are not applicable. However, in the hydrodynamic limit as calculated by de Gennes [4] for binary mixtures, the results will be valid.
